The major chromomeres of pachytene chromosomes 6 and II in the oocytes of Acheta (Orthoptera) are regions of amplification for ribosomal RNA cistrons (28 S and 18 S). During late prophase the amplified DNA copies are released from the chromomeres, which decrease in size as the amount of DNA decreases. The number of nucleotide pairs released from the major chromomere of chromosome 11 is about 1.38 X 109.
The concept of chromomere-band-gene was determined by cytological and genetic studies (1, 2) of polytene and pachytene chromosomes. Recently, on the basis of new data from structural, genetic, and molecular analyses of chromomeres, this concept is being expanded and revised.
Structural analysis of pachytene and diplotene chromosomes established that the chromomeres consist of spiralized segments of the chromosome (3, 4) . Later, studies on the DNA of higher organisms disclosed that (a) there is no correlation between large amounts of DNA and obvious developmental complexity, (b) repeated DNA sequences occur in most eukaryotes (5) , and (c) in certain bands of giant chromosomes of insects the amount of DNA increases differentially (6) (7) (8) .
As a result of this evidence the chromomere was looked upon, not as a single genetic unit, but as a structure with multiple genetic functions consisting of repeated copies of given cistrons or given DNA sequences (9) (10) (11) . Recently, a more radical model has been proposed in which the chromomeres or bands would be the control elements, whereas the interbands or fibrils between the chromomeres would be the coding sequences of the chromosomal DNA (12) .
Before presentation of the data on the release of DNA copies from the chromomeres the principal data on gene amplification in Acheta should be mentioned. (a) At early pachytene there are five major chromomeres or DNA bodies in Acheta oocytes that are not present in the spermatocytes.
The major chromomeres are formed by extra DNA synthesis occurring at the interphase and early prophase of meiosis (13, 14 was then hybridized in situ with the pachytene chromosomes of Acheta oocytes, and it hybridized mainly with the major chromomeres (17) . (g) The amounts of DNA in each pachytene chromosome of the oocytes, in the pachytene chromosomes of the spermatocytes, and in the major chromomeres were measured (18) .
This evidence indicates that the major chromomeres present in Acheta oocytes at early pachytene contain amplified ribosomal RNA cistrons.
MATERIALS AND METHODS
The amount of DNA in Feulgen-stained pachytene chromosomes was measured by a Zeiss Scanning Microscope Photometer 05 connected to a Facit Tape Punch. The tapes were then analyzed by a computer, the values being displayed as contour maps of iso-brightness or as a volumetric display on an incremental plotter. For the measurements, the chromomeres of every chromosome and all the chromosomes of a cell must lie on a single plane. Human lymphocytes and rat-kidney nuclei were used as standards. Details of the procedures used were described (18) . RESULTS 
AND DISCUSSION
In Acheta, every chromosome of the complement can be identified at pachytene, by its size and chromomere markers. This allows us to establish the number of amplification sites and to locate them in specific chromomeres (19 (Fig. 2) , the major chromomere of chromosome 6 (which was separated from its chromosome by the squash) becomes a "puff" with the DNA copies separating from each other. The major chromomere of chromosome 11 has in the meantime released some of its DNA copies, becoming now only what could be called a large chromomere. Later, at late pachytene, stage 2 (Fig. 3) , the major chromomere of chromosome 11 has released most of its copies and it is indistinguishable from the smallest chromomeres of the chromosome complement, X 1,700.
FIGS. 4-7. DNA measured in Feulgen-stained nuclei of Acheta at pachytene by the Zeiss Scanning Microscope Photometer (05. The extinction values were recorded on tape and processed by a computer. They are display'ed as a contour map of iso-brightness curves. The amount of DNA in the major chromomere of chromosome 6 remains practically constant, whereas that of the major chromomere of chromosome 11 decreases from early (Fig. 4) to middle (Fig. 5) to late, stage 1 (Fig. 6) , and late, stage 2 (Fig. 7) , pachytene. The amount of DNA released is 1.43 pg.
Genetics: Lima-De-Faria et al. the amplified chromomeres is located at one end of chromosome 6 and the other is located at one end of chromosome 11 ( Figs. 2 and 3) . At this stage, the DNA copies in the amplified chromomere of chromosome 6 open out in the form of a "puff." The DNA copies are active in RNA synthesis, as checked by
[3H]uridine incorporation (13, 14) . No appreciable number of copies is released from the amplified chromomere of chromosome 6 throughout pachytene (Figs. 4-8 its copies during early pachytene. Its diameter decreases, from early to late pachytene (stage 2), from 1.8Mm to 0.4 Mm. What was a DNA body or major chromomere at early prophase becomes a large chromomere, then a chromomere of average size, and finally a minute chromomere (see Figs. 4-7) . During this process the DNA copies separate and the major chromomere builds a smaller "puff" than that formed on chromosome 6. As the copies are released, the amount of DNA decreases from an average of 1.48 pg (early pachytene) to 0.27 pg (middle pachytene) to 0.11 pg (late pachytene, stage 1) and, finally, to 0.05 pg (late pachytene, stage 2, Fig. 8 ). This means that as much as 1.4 pg of DNA is released from a single major chromomere during pachytene, transforming it into a minor chromomere. This amount of DNA corresponds to 1.38 X 109 nucleotide pairs.
From the saturation experiments and the haploid DNA value of Acheta (2.00 pg) it has been calculated that in somatic tissues there are about 171 cistrons (single strand) for ribosomal RNA (28 S and 18 S). Since most of these sites are located in the two major chromomeres of. chromosomes 6 and 11, as shown by hybridization in situ with complementary RNA and with 28 S and 18 S Xenopus RNA (17, 20) , the major chromomeres of these chromosomes contain redundant, tandemly duplicated ribosomal DNA sequences, as well as extra DNA copies that result from localized amplification of cistrons coding for ribosomal RNA.
What distinguishes the present data from previous information on localized DNA increase and decrease is the following. (a) Chromomeres are shown to contain (not necessarily to consist of) gene redundancy and gene amplification. (b) Chromomeres are not only spiralized regions of the chromosome, as has been shown in several other species, but, at least for the cases described here, extra DNA copies are also an integral part of their structure. (c) This redundancy and amplification is for well-defined cistrons (the DNA sites that code for 28S and 188 RNA), whereas in most previous cases it was not known which genes were involved in DNA increase. (d) The chromomeres studied here are not part of a somatic tissue, such as the salivary glands, but are part of the germ line. (e) Not only the increase in DNA but also the decrease due to the release of the copies could be measured in the very small pachytene chromomere pairs, which are on the average about 1/5 and 1/io of the diameter of the salivary gland chromosomes of Drosophila and Chironomus, respectively.
Several questions arise. Do other chromomeres contain amplified copies of other genes? Once these copies are released are they destroyed at once? If not, do they still have a function? Chromomeres are present at every prophase but are particularly large and distinct at the first prophase of meiosis. Is this connected with the more elaborate type of genetic information needed at this stage, in which more significant genetic events take place than in mitosis, and which precedes fertilization?
NOTE ADDED IN PROOF
Ribosomal DNA is the DNA that contains the segments (cistrons) coding for 28 5 and 18 5 ribosomal RNA together with sequences not homologous to this RNA ("spacer").
